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Abstrat
We make the hypothesis that the veloity of light and the expan-
sion of the universe are two aspets of one single onept onneting
spae and time in the expanding universe. We show that solving Fried-
man's equations with that interpretation (keeping c = onstant) ould
explain number of unnatural features of the standard osmology. We
thus examine in that light the atness and the quintessene problems,
the problem of the observed uniformity in term of temperature and
density of the osmologial bakground radiation and the small-sale
inhomogeneity problem. We nally show that using this interpreta-
tion of c leads to reonsider the Hubble diagram of distane moduli
and redshifts as obtained from reent observations of type Ia super-
novae without having to need an aelerating universe.
keywords : osmology, osmi bakground radiation, osmology:observation,
osmologial parameters, atness, speed of light, aelerating universe, small-
sale inhomogeneity, large-sale smoothness
1
1 Introdution
The onstant c was rst introdued as the speed of light. However, with
the development of physis, it ame to be understood as playing a more
fundamental role, its signiane being not diretly that of a usual veloity
(even though its dimensions are) and one might thus think of c as being a
fundamental onstant of the universe. Moreover, the advent of Einsteinian
relativity, the fat that c does appear in phenomena where there is neither
light nor any motion (for example in the fundamental equation E = m c2)
and its double-interpretation in terms of "veloity of light" and of "veloity of
gravitation" fores everybody to assoiate c with the theoretial desription
of spae-time itself rather than that of some of its spei ontents; it invites
us to onnet c to the geometry of the universe. In this paper, we propose to
onnet c to the expansion of the universe and we show some onsequenes
of this interpretation in osmology. We thus examine the atness problem
and the large-sale smoothness problem in the light of that interpretation
of c. In the third part, we also show that these results are ompatible with
the observation of small-sale inhomogeneity leading to the strutures seen
by astronomers. We nally show that this model doesn't need to onsider
an aelerating universe to interpret the Hubble diagram of distane moduli
and redshifts as obtained from reent observations of type Ia supernovae.
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2 A geometrial interpretation of c
The universal onstant c sets up a universal relation between spae and time.
This relation is expressed in the relativisti invariant ds2 whih gives on the
light one c = dx/dt. On the other hand, the expansion of the universe
provides another universal relation between spae and time whih also has
the physial dimension of a veloity.
These two results annot express a fortuitous oinidene: on the on-
trary, as in our previous works [1, 2℄, we onsider as a logial neessity that
there are not two dierent universal relations between spae and time having
the same physial dimension of a veloity. We thus suggest that the veloity
of light c and the expansion of the universe are two aspets of one single
onept onneting spae and time in the expanding universe. Taking this
into aount, we an write in the simplest possible form (of ourse, all the
following results also holds when taking c = 1)
c = K
dR(t)
dt
(1)
where K is a positive onstant. It must be noted that here "c" and on-
sequently dR/dt is onstant (no aeleration or deeleration). That hoie
ould seem to lead to a model whih fails to desribe the real universe. In
fat, in the usual osmology, a onstant veloity of expansion needs either a
totally empty universe (whih is obviously not the ase) or a osmologial
onstant exatly aneling matter density and pressure at all times whih
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is not fullled in usual theories. However, it will be shown in part IV that
using eq.(1) in the seond Friedmann's equation an lead to other solutions.
In [1, 2℄ we have suggested that  must be the reessional veloity of our
antipode (that is to say the variation with respet to time of half the spatial
irumferene of the universe at osmologial time t) so that c = pidR(t)/dt.
This hoie of c makes it to play the role of pi in eulidian geometry and
underlines its geometrial nature. It also makes the reessionnal veloity of
the observer's antipode to be c. We hoose this value in what follows but
another numerial hoies for K would lead to similar results.
Eq.(1) leads to a new physial interpretation of the Einstein's onstant c
whih thus appears to be related to the variation of R(t) with time. It shows
that c an be dened from the knowledge of the geometry of spae-time only,
that is from its size and its age. It thus really takes the statute of a true
geometrial fundamental magnitude of the universe.
3 Some osmologial onsequenes of that in-
terpretation of c
3.1 the atness problem
Our rst aim is to show how Eq.(1) an solve the atness problem. The
question has been asked to know how Ω (whih is the ratio of the mass/energy
density of the universe) has been so highly ne-tuned in the past to give an
approximately at universe. We show that with this hypothesis on c, the
universe must appear to be at whatever it may be (spherial or not) so that
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it is not surprinsing that it is found to be at.
Noting that, using c=onstant, the two Friedmann equations remain
valid. The rst one is
(
R˙(t)
R(t)
)2
=
8piGρ
3
−
k c2
R(t)2
+
Λ c2
3
, (2)
where k is the urvature parameter. R(t) is related to the sale fator a(t)
by the relation R(t) = R0 a(t) where the subsript 0 refers to a quantity
evaluated at the present time.
In the ase of a at universe (k = 0) and when using the standard model,
eq.(2) redues to (
R˙(t)
R(t)
)2
=
8piGρ
3
+
Λ c2
3
, (3)
In the ase of a spherial universe (k = 1) and when using the above
interpretation of c (that is to say when using eq.(1)), eq.(2) beomes (the
writing of the last term is not modied in order to be learer in what follows)
(
R˙(t)
R(t)
)2
=
8piGρ
3
− pi2
(
R˙(t)
R(t)
)2
+
Λ c2
3
, (4)
and onsequently beomes
(
R˙(t)
R(t)
)2
=
8piG
3
ρ
pi2 + 1
+
Λ c2
3(pi2 + 1)
. (5)
So, eq.(5) obtained with k = 1 when using the present interpretation of
"c" is quite similar to eq.(3) obtained with k = 0 in the standard model.
This shows that when using eq.(1) a spherial universe would experimentally
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appear to be at but with a smaller mass than expeted in standard osmol-
ogy sine the mass density is ρ/(pi2 + 1) in eq.(5) whereas it is ρ in eq.(3).
This explains why it appears to be natural to observe a at universe even if
the probability for suh an universe is nearly null beause of instability.
3.2 the large-sale smoothness problem
Let us now onsider the large-sale smoothness problem in the light of eq.(1).
As everybody knows, the osmi bakground radiation (CBR) is amazingly
uniform aross regions in opposite diretions. When looking, for example, at
two distant regions on opposite sides of our universe, the observed tempera-
ture only utuates to about one part per 100. Eq.(1) radially hanges the
ausal struture of the universe and explains simply this observation. In fat,
it shows that it is the same small part of the past universe that is observed
in all the possible diretions of spae so that it is no more surprising to nd
suh a thermal and a density uniformity.
Using both the Robertson-Walker metri and eq.(1) with K = pi (but,
note again that another numerial value of K an be taken without hanging
essential results), the horizon is obtained by alulating
ψh =
∫
t0
th
c
dt
R(t)
) = pi
∫
R(t0)
R(th)
dR(t)
R(t)
) = pi ln(
R(t0)
R(th)
) (6)
In the present model, there exists values of R(th) giving ψh > pi so that
there is no objet horizon. This an be seen by noting that when using eq.(1),
all the observed lines of sight of an observer ut themselves in the past so
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that there exists an event whih an be seen in any diretions around us. This
an be omputed by using ds2 = 0 along a light ray. It gives the spae-time
of a given present observer shown in g.(1). Solving
− c2dt2 +R(t)2(
dr2
1− kr2
) ≡ −c2dt2 +R(t)2dψ2 = 0 (7)
with eq.(1) gives
R(t) = R(t0) exp(−
ψ
pi
) (8)
As a onsequene of eq.(8), eq.(1) makes the spae-time of a given present
observer to be losed on itself at an early time: for ψ = pi, there is an
"isotropi event", that is denoted A in g. 1, whih an be seen in any
diretion around us and whih an be identied to the soure of the osmi
bakground radiation. Sine it is thus the same event A of the early universe
that is seen in any diretions (the osmi mirowave bakground radiation
arriving at the earth from all diretions in the sky does ome from the same
small part of the early universe), it is not surprising to observe a very high
uniformity in terms of temperature and of density of the CBR.
Note that eq.(8) also shows that other "isotropial events" (we mean
events whih ould be observed in any diretion around us) ould exist. They
are dened by ψ = npi (where n is an integer). They ould orrespond to
blakbody radiations at temperature other than 2.74 K or to partiles other
than photons suh as osmi partiles. However these other isotropi events
an also be non visible beause of the opaity of the universe at early times.
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3.3 the small-sale inhomogeneity
A related omment onerns the problem of the small-sale inhomogeneity
needed to explain the formation of all the observed strutures of the universe.
Eq.(1) shows that the homogeneity of the CBR is ompatible with suh
inhomogenities and onsequently with the existene of strutures of all sales.
In fat, as a onsequene of the previous part, the CBR onstitutes only a
very small part of the past universe and onsequently all its other parts
(whih annot be seen at the same past age), an be quite dierent.
Eq.(8) with ψ = pi, shows that, at osmial time tA, R(tA) 6= 0. Beause
of this, the soure A of the osmologial bakground radiation in g. 1 on-
stitutes only a very small volume element of the universe at that time. The
existene of A is onsequently onsistent with that of spatial inhomogeneities
(anywhere else in the universe at the same time tA that the radiation was
emitted). Suh inhomogeneities (for example G on the gure), may physi-
ally oexist with A at time tA without being observable at that time (among
all the volume elements of the universe at time tA only the one noted A on
g. 1 is in the present spae-time of the observer O and an onsequently be
seen). They an be the original seeds giving birth, at later times, to galaxies
and other strutures whih are now observed at tG′ > tA (G' on g. 1).
Let us note that this example also shows that it ould be possible to
see, just behind a galaxy G′ (or exatly in the opposite diretion), but at
an earlier time, the osmial objet whih has given birth to that galaxy.
Moreover, let us also note that, beause of the spiral form of the light rays
8
whih are wound round the big-bang, suh objets ould seem to be older
than the value orresponding to the present osmi time.
3.4 the Hubble diagram of distane moduli and red-
shifts
Another problem is the one of the aelerating universe. A very distant su-
pernova with a redshift z = 1.755 was reently observed by the Hubble Spae
Telesope. In the standard osmology, that observation seems to show that
the universe is aelerating. In fat, usual models fail to t that new data
point at redshift 1.755. It an be shown that eq.(1) leads to another expres-
sion for the distane-moduli whih an t this point with a good preision
(see g. 2)
As is well known, the standard expression for the orreted distane-
moduli with respet to z an be written (ref.[12℄)
µ = 25 + 5 log cz − 5 logH0 + 1.086(1− q0)z + ... (9)
Following pioneering works related in ref.[3℄, reent observations of type Ia
supernovae with the Hubble Spatial Telesope (refs.[4, 5, 6, 7℄) has provided
a robust extension of the Hubble diagram to 1 < z < 1.8. These new results
have shown that observations annot be tted by using eq.(9) both for z < 1
and for z > 1. To solve this problem, some authors have onluded for
the neessity of ruling out the traditional (ΩM ,ΩΛ) = (1, 0) universe. The
universe would have onsequently been deelerating before the urrent epoh
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of osmi aeleration.
When using eq.(1) it an be shown that, within the present model, the
expression for the orreted distane-moduli is given no more by eq.(9), but
by
µ = 25 + 5 log(
c
H(t0)
) + 5 log(1 + z) + 5 log ln(1 + z) (10)
where c is in km.s−1 and H in km.s−1.Mp−1. As shown on g. 2 that result
permits to t the experimental values in the whole range z < 1 and for z > 1
without any other onsiderations. Thus, the use of eq.(1) sueeds in tting
all the data without having to onsider aeleration.
4 On the general aspet of the geometry
Let us now onsider the seond Friedmann equation:
(
R¨(t)
R(t)
)
= −
4piG
3
(ρ+ 3
p
c2
) +
Λ c2
3
. (11)
By using eq.(1) (realling that c=onstant and negleting p) that equation
leads to
Λc2 ≈ 4piGρ. (12)
This result an explain why the density of osmologial onstant (Λ c2)/(8
pi G) is so near the matter density (it shows why ρV is not only small but also,
as urrent Type Ia supernova observations seem to indiate, of the same order
of magnitude as the present mass density of the universe). To understand
this result note that eq.(12) leads to
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Λ =
4piGρ
c2
=
GM
Rc2
3
R2
(13)
Introduing eq.(13) with eq.(1) into eq.(5) also gives
Λ =
pi2 + 1
pi2
1
R2
. (14)
Eq.(13) and eq.(14) an be solved as
GM
Rc2
= Constant, (15)
and
Λ ≈
1
R2
(16)
It is interesting to note that eq.(15) is an expression of the Mah's prin-
iple (as for example disussed in refs.[2, 8, 9, 10℄, whereas the eq.(16) has
been shown to be in onformity with quantum osmology and with existing
observations by Chen Wei and Wu Yong-Shi (ref.[11℄). So, using eq.(1) with
c onstant an lead to a oherent model (more general solutions ould be
obtained by using a possible variation of c with respet to time)
5 Conlusions
We propose that "c" is intimately onneted to the expansion of the universe.
This interpretation gives to c a geometrial meaning and makes of it a true
universal quantity of the universe whih an be dened from its size and its
age without any other onsiderations.
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It an solve the problem of atness: the at model is unstable; even
slight deviations from atness grow very quikly, leading inevitably, to either
a atastrophi big runh or emptiness. This onits with the fat that
observations show that the universe is so near atness. The above interpre-
tation of c solves that problem by showing that the universe must appear to
be at (and with a smaller mass than that expeted in the standard osmol-
ogy) whatever may be its geometrial form. It an also give a new light at
the horizon problem by explaining the homogeneity and the isotropy of the
observed universe at early times and it makes possible the oexistene with
the isotropi bakground radiation of inhomogeneities whih an be the seeds
of galaxies or of other osmial objets. It may also permit the observation
behind galaxies (or in the opposite diretion) of the osmial objet whih
has given birth to it.
This interpretation of c also leads to a good tting (without having to
onsider an aelerating expansion) of observations in Hubble diagram of dis-
tane modulus with respet to redshifts as obtained from reent observations
of type Ia supernovae.
In onluding, let us underline that usual values obtained from obser-
vations in the eld of the usual standard osmology annot be too quikly
transposed to judge the present model. All observations are in fat to be
reinterpreted within the present model.
Let us also add that onneting the onstant c to the expansion of the
universe and more preisely, to the geometry of the universe, may also larify
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some intriguing properties of the so-alled "speed of light"' whih appears
in phenomena in whih neither light nor any motion is present, whih also
appears in so dierent elds of physis that are eletromagnetism and grav-
itation and whih has both the interpretation of "veloity of light" and of
"veloity of gravitation".
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Figure 1: The spae-time of an observer O when using eq.(1). α orresponds
to the big-bang. Cosmologial time orresponds to the radius line α − O.
Spae (for eah given osmologial time t) orresponds to irles. The spae-
time of an observer O is onstruted by drawing the light one from O by
going bak into time and by taking into aount the onnetion of c with
the expansion of the universe. It an be seen that, as one goes bak in
time, the light one area spreads out to greater distane and then dereases
toward the big-bang. Near O, it orresponds to the usual light one (dashed
lines). Globally, it is losed on events A, A'... whih an be observed in any
diretion around us. Among them, A an be identied to the soure of the
osmi bakground radiation. Sine it is the same very small volume A of the
early universe whih is observed in any diretions, we have not to be surprised
to measure a very high isotropy and homogeneity of the osmi bakground
radiation (CBR). The universe, at the time tA that the CBR was emitted, is
illustrated by the irle the radius of whih is R(tA). A thus orresponds to
only a very small element of the universe at time tA. The observed isotropy
is onsequently not ontraditory with the existene at this same time tA of
inhomogeneities (suh as G). However, suh inhomogeneities annot be seen
at time tA (sine only A belongs to the spae-time of the observer O at that
time) but only at G' at later time tG′ .
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Figure 2: Hubble diagram (distane modulus vs redshift). The data points
are taken from Table 5 of ref [6℄. The two dashed lines show the results
obtained with eq.(9). One is obtained by tting the small values of z (z < 1).
The other is obtained when tting the high values of z (z > 1). They show
that it is not possible to t experimental data both for z < 1 and for z > 1
in the standard model. The full line shows that observations an be tted
both for z < 1 and for z > 1 by using eq.(10) (and onsequently by using
eq.(1)). The full line whih represents preditions of the present model has
been drawn by using H0 = 58km.s
−1.Mpc−1.
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